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(54) Pigment materials and their preparation and use 

(57) A new composite material which is useful as a 
pigment in paper making or paper coating is described. 
The new material is produced by precipitating a white 
insoluble pigment compound, eg. calcium carbonate, in 
an aqueous suspension containing fresh, ie. previously 
fine particulate material preferably at least part of which 
is, eg. titanium dioxide particles, and fibers, eg. cellu- 
losic fbers. These may be derived from separate stocks 
and added together to produce the composite pigment 
material. The new material comprises a bonded matrix 
of the fbers and the white pigment compound having 
particles of the fine particulate material, eg. T10 2 , dis- 
persed and bonded within the matrix. The new material 
may itself exist as particles in dry or wet form which may 
be further treated in a known way prior to use in paper 
making or paper coating. 

Use of the new material allows expensive fine par- 
ticulate material such as Ti0 2 particles to be better 
retained in a paper making composition whilst at the 
same time avoiding the problem of agglomeration or 
'crowding' of the fine particles which in the prior art is 
known to affect adversely the optical properties of the 
composition produced using the fine particles. 
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Description 

BACKGROUND OF THE INVENTION 

s The present invention relates to pigment materials and their preparation and use. In particular, it relates to new pig- 
m nt material comprising a composite containing a fine particulate material such as titanium dioxide and to the prepa- 
ration of such material and its use in operations to make or coat paper and the like sheet materials. 

Titanium dioxide, herein Ti0 2 ", is an example of a fine particulate material which, unlike materials which are 
employed as bulk fillers, is employed for a specific function in paper making and paper coating operations. It offers 

w excellent pigment opacity and brightness (which together result in excellent light scattering) and is therefore used to 
extend these properties in a paper making or coating composition. TIO2 is a very expensive material and is conse- 
quently used only sparingly in paper making or coating compositions, eg. usually forming less than 5% by weight of the 
solids present in the composition. Because of its cost, Ti0 2 needs to be employed as efficiently as possible. 

The optimum particle size for Ti0 2 pigment particles to give the best light scattering properties has been deter- 

15 mined in the prior art to be about 0.2 \im to 0.3 um. Ti0 2 pigment material is normally supplied commercially in a form 
wherein the particles have this optimum size. The Ti0 2 product may be supplied dry, in which case it requires dispersion 
in liquid media, eg. aqueous media, to wet and to deagglomerate or disperse the particles. Alternatively, Tt0 2 may be 
supplied commercially in a pre-dispersed slurry form which may incorporate a relatively large amount of anionic stabi- 
liser. 

20 Since the Ti0 2 particles employed in paper making are very fine and are usually dispersed with relatively high lev- 
els of dispersant to make slurries containing the material pumpable and to maximise the spacing between particles to 
give optimal light scatter, it is difficult to retain such particles when they are employed in a furnish or like composition in 
a paper or like sheet forming operation. 

In order to improve TIO2 retention in such operations, in order to minimise Ti0 2 losses, various chemical retention 
25 aids are employed in the prior art In general, such aids are expensive chemicals, eg. water soluble polymers, and the 
extent of use of such chemicals employed for the conventional retention of Ti0 2 is considered to be very costly. Where 
the TIO2 is supplied with anionic stabiliser large amounts of cationic chemicals (which may also serve as or be delivered 
together with retention aids) may be required to reduce the anionic loading. 

TIO2 particles (when used in a pigment-containing composition) have a tendency to agglomerate especially at 
30 higher loading levels, this effect being known as 'crowding'. Use of retention aid chemicals can increase crowding which 
has been demonstrated in the prior art to have an adverse effect on the light scattering efficiency of the particles. This 
can result in degradation of the expected optical properties of commercially available TiC^ material when used as a par- 
ticulate pigment material in paper. 

Furthermore, such added chemicals when used in substantial quantities to improve TlOg retention can have an 
35 adverse effect on the formation of the paper or other sheet being produced and can result in sheets of less than ideal 
quality in which the constituents of the sheet are not uniformly distributed. 

Attempts have been reported in the prior art to counteract the effects of crowding of fine particulate material, espe- 
cially T1O2, by forming composites of the particles of the material with various organic or inorganic materials to space 
the particles from one another. These attempts have been aimed primarily at improving the optical properties of the 
40 compositions to which the composite material is added. 

The problem of maintaining a reasonable retention of T1O2 particles in a paper making operation, whilst at the same 
time avoiding crowding and an adverse effect on sheet formation and quality caused by the addition of chemicals to 
facilitate retention, has not satisfactorily been solved in the prior art. One purpose of the present invention is to provide 
a novel solution to this problem. 
45 Similar problems arise with the retention of other fine particulate materials, and it is another purpose of the present 
invention to provide a novel solution to the retention of such materials. 

It is a further purpose of this invention to produce a novel pigment material which is useful in paper coating. 

SUMMARY OF THE INVENTION 

50 

The present invention is concerned with the preparation and use of novel composites, not disclosed or suggested 
in the prior art which can, amongst other things, improve the retention of fine particulate material such as TO2 in paper 
making compositions without seriously affecting optical or other properties, in some cases beneficially improving such 
properties also. The novel composites can also be used beneficially in paper coating. 
55 According to the present invention in a first aspect there is provided a method of preparing and using a composite 
pigment material which incorporates a fin particulat material, which method comprises (a) treating an aqueous 
medium containing dispersed particles of a fin particulat material and also fibers by chemically precipitating by a pre- 
cipitati n reaction in th aqueous medium crystals of a whit insoluble pigm nt compound thereby forming a composite 
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pigment material comprising a composite matrix of fibre and precipitated crystals of th white pigment compound and 
particles of the fin particulate material dispersed and bonded within the matrix; and (b) adding th composite material 
to a composition for forming or coating a fibrous sheet materia). The method may thereafter include (c) forming or coat- 
ing a fibrous sheet material using the compositi n incorporating the composite material. The said aqueous medium 

5 mployed in step (a) may comprise an aqueous suspension or slurry. 

The fine particulate material and the fibers may be obtained from separate stocks and may be added together prior 
to step (a) to produce the composite pigment material. Either or both of these materials may be in dry or wet (eg. slurry) 
form when they are added together. 

At least part of the fine particulate material may comprise fresh particles. By fresh* particles of fine particulate 

10 material is meant particles which have not previously been used in a sheet forming or coating or other operation. 

The fibrous sheet material formed or coated in step (c) may comprise paper, paper board, card, cardboard, lami- 
nated paper and the like herein collectively called 'paper', wherein the fibrous sheet material comprises organic, eg. cel- 
lulosic ftoers, and in many cases also inorganic filler comprising a particulate pigment material. 

By line particulate materiar is meant a particulate material wherein the particles have a size distribution such that 

75 at least 90% by weight have an esd (equivalent spherical diameter as measured in a known way by sedimentation) of 
less than 1 jim. At least 50 per cent by weight may have an esd less than 0.5 urn. The fine particulate material will gen- 
erally be one which is more expensive than bulk filler materials (eg. kaolin and/or calcium carbonate) and one which is 
used in paper for a specific function (other than bulk filling) and generally has a poor natural retention in paper making. 
The present invention is especially beneficial where the fine particulate material comprises Ti0 2 . although the par- 

20 ticulate material may alternatively, or in addition, be selected from calcined kaolin-containing material, eg. metakaolin, 
fine silica, eg. so called fumed silica, sodium silicate, aluminium silicate, sodium aluminium silicate, talc and so called 
plastic pigment materials, eg. produced from melamine formaldehyde, ft should be noted that calcined material may 
contain aggregates of fine particles fused or sintered together but the fine particles which make up such aggregates 
may have the required particle size distribution properties rf measured individually. 

25 The said white insoluble pigment compound which is precipitated in the method according to the first aspect of the 
present invention may comprise a water insoluble salt, ie. it may be formed from or regarded as formed from an acid 
and a base, ft may conveniently comprise an alkaline earth metal carbonate, eg. calcium carbonate, the precipitation of 
which is relatively easy and well known, although the said compound could alternatively or in addition comprise one or 
more other precipitate compounds, eg. selected from phosphates or silicates of calcium, aluminium or magnesium. 

30 which may be produced in a known manner, eg. as described in GB2306461 A Reactants to produce the white insolu- 
ble pigment compound (eg. providing acidic and basic species) may be added together or separately to the aqueous 
medium. 

DESCRIPTION OF THE INVENTION 

35 

In the method according to the first aspect of the present invention the fbers present in the aqueous suspension 
together with particles of the fine particulate material when the precipitation reaction is carried out in the suspension 
may comprise organic fibers from natural sources. They may comprise cellulosic fbers derived from wood pulp, 
although they could also include fibers derived from sources such as straw, bamboo, hemp, bagasse, sisal, flax, cotton, 

40 jute and ramie. Desirably, at least a portion, eg. preferably at least 50% by weight, are fresh cellulosic fibers which have 
not previously been employed in paper making. Fibers obtained from a wood pulp source may have been treated eg. 
by mechanical and/or chemical processing to separate lignins, resins and the like, by bleaching and the like and other 
processes to refine such fibers all in a known way depending on the pulp source. 

The fibers, or at least a portion of them, present in the treated aqueous suspension in step (a) of the method 

45 according to the first aspect of the present invention, may be derived from broke which comprises paper or like sheet 
material which has been rejected as a product following a sheet forming and/or coating operation. An uncoated paper 
making operation may generate a quantity of broke which is typically 5% to 15% by weight of the product output A 
coated paper operation may generate a higher quantity of broke, eg. up to 30% by weight of the product output, owing 
to the extra operations required to produce the coated paper. The broke may arise from trimmings, reel ends, reject 

so reels, reject sheeting, sheet breaks and the like. Broke is normally collected and resuspended in an aqueous medium, 
ft may be repulped in broke pulpers. Pulp obtained from broke is usually stored separately from virgin pulp, ft tends to 
have a quality which is inferior to virgin pulp, because it usually contains minerals and has been dried and repulped - 
although the quality may be improved by a separation step as described hereinafter. Another source of fbre pulp is 
recycled paper, ie. paper previously sold and used as a paper product. 

55 Preferably at least 50% by weight, desirably at least 70% by weight of the fibers employed in the treated aqueous 
suspension in step (a) of th method according to the first aspect are derived from virgin pulp. Up to 50%, but in many 
cases not more than 30%, by weight of the fibers may be derived from broke pulp or from pulp obtained from recycled 
paper. 
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We prefer that the fibers employed in step (a) of the method according to the first aspect of the present invention 
compris a multiplicity of fibrils or microfibrils which may be attached to and/or separated from parent fibre stems. We 
prefer to treat pulp from which the fibers are to be obtained, whether virgin or broke pulp or from recycled paper, by 
refining or beating in a known way, eg. in one of th known beaters or refiners employed in the pulp refining industry. As 
5 is well known to those skilled in the art, the degree of refining or f brillation of pulp f bers may be measured in a known 
way and expressed in Canadian Standard Freeness (CSF) units (th lower the CSF value the higher the degree of refin- 
ing). 

Preferably the fibers used in step (a) are refined or beaten to a freeness value of 300 CSF or less, desirably to 200 
CSF or less. We have found from microscopic examination, eg. using a scanning electron microscope, that fibrils and 

10 especially microfibrils produced by refining can provide excellent nucleation sites for the crystals of the white pigment 
compound which are to be precipitated. 

At least a portion of the fibers employed in step (a) of the method according to the first aspect may themselves com- 
prise fibers or fibrils which are fines as defined in TAPPI Standard 7261 cm-90, ie. which will pass through a round hole 
of diameter 76 jim. Where fines are present at least 1 per cent by weight, eg. at least 20 per cent by weight, in some 

is cases as much as 50 per cent to 100 per cent by weight, of fibers present in the precipitation step are fbers or fibrils 
which are fines. Such fines may be produced, as is well known in the art, by extensive beating or f brillation optionally 
together with a known size classification or separation procedure, eg. using a screen or mesh or filter. Such fines may 
include a substantial proportion of microfibrils which are sub-micron size, eg. having sizes in the range 0.1 fim to 0.99 

20 Separation of fibers into size classes may be carried out using devices well known in the art, eg. using a screen 
having a variety of slot sizes operating optionally with pressurisation. For example, a "DSM" (Dutch State Mines) curved 
pressure screen device having the trade name SIEVEBEND produced by Dorr Oliver or a Spray Filter device made by 
Krofta may be used to separate a fines fraction of fibers or fibrils. 

The fbers which are treated to provide fbrillation and/or size classification may be produced from virgin pulp or 

25 from broke or recycled paper. The large fibre fraction obtained after separation of the fines fraction may be used as 
paper making fibers. Composite material produced in the manner of the present invention may be added to such sep- 
arated large fibers in a subsequent paper making operation as described hereinafter. 

Where fibers or fibrils are present between fine particulate material such as Ti0 2 particles in the treated aqueous 
suspension when crystals of a white pigment compound are precipitated therein, the white pigment compound is pre- 

30 ciprtated inside and at the surface of the fbers (including any fibrils and microfibrils attached to the fibre stem) and the 
particles of the fine particulate material thereby become bonded or cemented to the fibers by the crystals of the white 
pigment. 

The particles of the fine particulate material, if suitably dispersed when the precipitation reaction is carried out, 
unexpectedly and beneficially remain dispersed in the solid composite matrix formed when the bonding crystals of the 
35 white pigment compound are precipitated and become cemented to the fbers present. 

Where the precipitate compound formed is a basic compound, eg. calcium carbonate, it can advantageously be 
effective in neutralising any anionic charges present in a paper making or coating composition, eg. due to the addition 
of anionic stabilisers, thereby allowing the amount of any added cationic chemicals to be reduced. 

By forming a composite material comprising particles of fine particulate material such as Ti0 2 dispersed in a solid 
40 matrix of crystals of white pigment compound and also incorporating fbers, a new pigment structure is provided which 
can show various unexpected benefits when used in paper making or paper coating operations as described hereinaf- 
ter. 

According to the present invention in a second aspect there is provided a composite pigment material comprising 
a composite matrix of fbers and precipitated crystals of white pigment compound and particles of fine particulate mate- 

45 rial as defined hereinbefore, dispersed and bonded within the matrix which composite material is the product of step (a) 
of the method according to the first aspect 

Particles of the composite pigment material according to the second aspect may be employed in a known manner 
as a pigment filler ingredient in paper making or as a pigment ingredient in paper coating. Such particles may be the 
sole filler or pigment source or they may optionally be blended with conventional or known fillers or pigment particles 

so employed in such applications, eg. selected from one or more of kaolin, calcined kaolin, calcium carbonate (derived 
from a natural or synthetic source or composited in a known manner with other materials derived from waste streams), 
dolomite, talc, mica or untreated Ti0 2 or other fine particulate material (eg. as used in the preparation of the composite 
pigment material). 

The composite pigment material according to the second aspect may form from 1% to 100% by weight of the filler 
55 or pigment particles employed in such applications, eg. in the making of a furnish employed in paper making or a coat- 
ing composition employed in paper coating, or in specialist sheet coating operations, eg. decorative laminate formation, 
although it may be blended with oth r, eg. conventional filler or pigment materials eg. wherein it may form up to 50% 
by weight in some cases up to 80% by weight of the blend. The fOler(s) or pigmerrt(s) employed in such applications 
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will depend upon the use of the filler or pigment Fill rs in paper making may form up to 40 p r cent by weight (on a dry 
solids weight basis) of the paper making composition or furnish. The pigm nt(s) employed in coating compositions usu- 
ally forms up to 80% by weight in some cases as high as about 95% (on a dry solids basis) by weight of the composition. 
TTie composite pigment material according to the second aspect of the present invention can allow fine particulate 

5 materials such as Ti0 2 to be much mor efficiently retained in a paper making operation. For example, in contrast to 
the low retention levels obtained in the prior art for untreated TT0 2 (without application of a ret ntion aid) or for TiC^ 
treated with only a small amount of retention aid (eg. retention levels of about 30% or less, even 20% or less, as illus- 
trated hereinafter), the retention level of Ti0 2 for a single pass in a paper sheet making operation by production and use 
of the composite material according to the second aspect of the present invention can advantageously be greater than 

10 40% in many cases about 60% or more, eg. 70% or more as illustrated hereinafter (depending on the composition of 
the composite pigment material and the amount of the material loaded into the paper composition). This allows a reduc- 
tion in the quantity and cost of retention aid chemical(s) employed to retain fine particulate material such as TOg, 
although some retention aid chemical(s) may optionally be added, (eg. in the usual manner to the dilute pulp furnish 
stock from which the paper sheets are to be produced). 

75 Beneficially, reducing the amount of retention aid chemicals can also improve the burst strength (also known as 
burst index) of the sheet produced and the paper sheet formation, ie. the overall quality of the paper sheet produced by 
providing more uniform distribution of the constituents of the sheet. 

In addition, the sheet so formed may beneficially have a stiffness or 'crackle' which is greater than that for a com- 
parable sheet made from fine particulate material such as Tr0 2 as in the prior art This allows, for example, paper of the 

20 same stiffness as comparable prior art sheets to be produced lighter in weight and (for sheets of the same weight as 
prior art sheets) more cheaply. 

Furthermore, because the fine particulate material is better retained in the paper making process, less fine partic- 
ulate material is lost and it is not necessary to compensate for the usual loss which is expected to occur by addition of 
excessive quantities of the material, which, as in the case of "n0 2 , can be very expensive. 

25 A further benef it obtained by preparation and use of composite pigment material according to the second aspect of 
the present invention in a paper making or coating operation is that the undesirable crowding (normally obtained as in 
the prior art) of particles of the fine particulate material caused or exacerbated by use of added chemicals is reduced 
and this allows the adverse effect on scattering of light from the particles caused by such crowcfing to be reduced. Since 
the crystals of the precipitated pigment compound may themselves be fine and highly scattering their presence contrib- 

30 utes beneficially to the optical properties of the composite pigment material and may allow further reduction of the 
amount of fine particulate material, where pigment material such as T1O2, which may be employed as compared with 
prior art compositions aimed at giving similar properties. 

Thus, generally the present invention allows savings in the amount and cost of fine particulate material employed 
in paper making and paper coating as well as in the use of associated expensive chemicals as well as providing 

35 improvements in various properties of the sheet product. 

According to the present invention in a third aspect there is provided a paper or like sheet material incorporating 
filler or coating pigment particles which comprise particles of the composite pigment material according to the second 
aspect. 

In the method according to the first aspect of the present invention the solids employed, other than consumable rea- 

40 gent(s) employed to form the precipitate compound, will depend on the kind of reactor employed which, in turn, will 
depend upon the process conditions required to be operated. These are discussed further below. Where step (a) of the 
method according to the first aspect is carried out in a conventional stirred batch reactor, eg. for precipitating calcium 
carbonate, the said solids may form from 0.1% to 20% by weight of the aqueous suspension to be treated to give pre- 
cipitation formation therein. Desirably, such solids constitute from 1% to 10% by weight, especially 2% to 7% by weight, 

45 of the treated suspension in the use of such a reactor. 

In other reactors, eg. to operate a continuous or semi-continuous process, eg. using a pressurised refiner as 
descrfoed below, the solids content may be higher, eg. up to levels of 40% or even 50%, eg. in the manner described 
by Klungness et al in US0ORE35460E. 

In the composite pigment material according to the second aspect of the present invention the weight ratio of the 

so said fine particulate material to precipitated white pigment compound present may be in the range 1 :100 to 1 :1, espe- 
cially 120 to 1:2. The weight ratio of precipitated white pigment compound present to fibers present may be in the range 
1 0:1 to 1 :1 0. especially 3:1 to 1 :3. The fibers present in the composite pigment material may constitute at least 1 0% by 
weight especially 25% to 75% by weight of the material (on a dry solids basis). Likewise, the white pigment compound 
present in the composite pigment material may constitute at least 10% by weight, especially 25% to 75% by weight of 

55 the material (on a dry solids basis). 

Th composite pigment material according to the second aspect of the present invention may comprise particles 
whos siz will depend upon the siz of th constituents used to form the particles, especially th size of fibers con- 
tained therein. Wh r fibers present comprise fines, the composite picpnent material particles may compris fines. 
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Where the fibers are larger, eg. greater than 1 00 jim in length th composite material particles may correspondingly be 
larger. In any event, if desired, it is possible to treat the composite material particles produced by comminution, eg. by 
wet stirring, milling or grinding, and optionally particle size classification as described hereinafter. 

The individual preciprtat crystals which make up the matrix of the composite pigment material will gen rally have 

5 a size comparable with such crystals formed in the prior art (when not part of a composite structure). Generally, such 
crystals will be sub-micron size, eg. having sizes in the range 0.1 \itx\ to 1 jim. 

Where the fine particulate material comprises Ti0 2 , the Ti0 2 particles employed in the method according to the first 
aspect of the present invention may be of the rutile or anatase form. We prefer the rutile form. Commercially available 
Ti0 2 pigment material may be employed. However, because the problem of retention of Ti0 2 in paper making is con- 

10 siderabty reduced by forming the composite pigment material according to the second aspect it is possible although 
not essential in forming the composite material to use at least a portion of Ti0 2 particles which are finer than those con- 
ventionally used, eg. having a size of about 0.1 \im or less. 

In the method according to the first aspect of the present invention, the fresh particles of the fine particulate mate- 
rial may be employed in an aqueous suspension to be treated to form a precipitate therein may be added in dry form to 

is a reactor vessel containing water or in predispersed slurry form to the reactor vessel. In either case it is preferred that 
the suspension containing the fine particulate material so formed is mechanically agitated, eg. by vigorous stirring, pref- 
erably both before and during the precipitation reaction, to ensure that the particles of the fine particulate material are 
maintained in a dispersed state in the suspension whilst the crystal precipitation proceeds. If desired, a known dispers- 
ing agent, eg. a polyelectrolyte such as one of the agents well known for the dispersion of particulate materials in an 

20 aqueous suspension, eg. sodium polyacrylate, may also be present preferably in a small amount eg. less than 0.5 per 
cent by weight. The fibers required to form part of the aqueous suspension in which the precipitation step is to take 
place may be added before, during or after, preferably before, the addition of the fine particulate material and the 
mechanical agitation may be applied to the suspension of both fine particulate material and fbers. 

Generally, we prefer to add the fine particulate material to an aqueous suspension of the fibers with vigorous mixing 

25 and then to add a lime slurry also with mixing and to form the required precipitate by carbonating the suspension so 
formed. However, it is also possible to add with mixing a portion of the lime slurry to an aqueous suspension of the fibers 
and to carbonate the suspension so formed and then to add with mixing the fine particulate material and a further por- 
tion of the lime slurry (together or either one before the other) and then to carry out a further carbonation step. A further 
possibility is that the fine particulate material may be added in more than one dose, each addition being accompanied 

30 by an addition of lime and a carbonation step being carried out after each lime addition (with or without fine particulate 
material). 

ff the water employed to provide the aqueous medium (eg. to provide the aqueous suspension employed in step 
(a)) in the method according to the first aspect of the present invention contains soluble or insoluble species which will 
affect the process of precipitation of the white pigment compound it may be desirable to carry out a preliminary precip- 
es itation step in the water prior to introduction of the said fine particulate material, eg. T\0 2 , and/or the fibers which will 
form the composite pigment material together with the white pigment compound. For example, the employed water may 
be so-called white water from a paper making operation. The preliminary precipitation will entrain the species present 
in the white water in the manner described in EP604.095. A further preliminary precipitation step in which fibers but not 
added fine particulate material are present as described above may follow prior to precipitation in one or more steps in 
40 which the added fine particulate material is present Up to 90% by weight, eg. from 0% to 50%, or 10% to 50%, by 
weight of the white pigment compound to be formed, may be precipitated in the preliminary precipitation step(s) prior to 
addition of the fine particulate material. The resulting final product formed will consist of a mixture of particles of the 
white pigment compound, some optionally containing also the fbers with no fine particulate material and some contain- 
ing both the fine particulate material and fbers, others containing only the precipitate and species originally present in 
45 the water used. The product may also contain aggregates of two or more of the various kinds of precipitate particles 
possible. 

As noted above, the precipitated white pigment compound may comprise an alkaline earth metal carbonate, espe- 
cially calcium carbonate, which may conveniently be produced in a well known way by addition of a carbon dioxide-con- 
taining gas to an aqueous medium containing ions of the required alkaline earth metal (as well as the fine particles and 
so th fibers when required). The aqueous medium may in this case comprise a medium containing a hydroxide of the 
required alkaline earth metaJ. Such a hydroxide may comprise a hydroxide of one or more of calcium, magnesium and 
barium. The aqueous medium could alternatively comprise a soluble salt of the alkaline earth metal, eg. calcium chlo- 
ride or nitrate. 

Where the aqueous medium comprises a hydroxide, the hydroxide may be separately prepared and added to the 
55 aqueous medium or alternatively may be prepared in situ in the aqueous medium, in each case, for example, by slaking 
an alkalin earth metal oxide (eg. calcium oxid or quicklime, when calcium hydroxid is desired). Where an alkaline 
earth metal oxid , eg. calcium oxide is to be slaked in an aqueous mecfium either separately or in situ in the reactor ves- 
sel, th oxide may previously be screened, eg. using a 125 jim screen, or a 53 fim screen, to separate large particles 
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so that these ar not present in the slaking process. 

Where the aqueous mecfium comprises calcium hydroxide produced by slaking in an aqueous medium, the calcium 
hydroxide will itself be in the form of a susp nsion in th aqueous medium, ie. so called 'slaked lime'. Calcium ions will 
sparingly enter solution and will be continuously consumed and replaced as the precipitation reaction proceeds, eg. by 
5 addition of carbon dioxide. Preferably, a suspension formed in this way contains between 0.5 mole and 3.0 moles, espe- 
cially from 1 .0 to 2.0 moles, of the alkaline earth metal hydroxide. F r slaking of lim , the temperature of th aqueous 
medium may be from 0°C to 80°C. The temperature will rise during the slaking process. If the aqueous medium is not 
at the appropriate temperature after slaking, it may be heated or cooled to achieve the desired temperature before fur- 
ther use. 

io Efficient dispersion and dissolution of the alkaline earth metal hydroxide may also be assisted by agitation, eg. by 
stirring of the aqueous suspension, to provide uniform distribution of the particulate solid material comprising the 
hydroxide. This agitation may be combined with that applied to the particles of the fine particulate material and the fib- 
ers. 

The source of the alkaline earth metal ions, eg. calcium oxide or calcium hydroxide (where the precipitated com- 
75 pound to be formed is calcium carbonate), may be added to water employed to form the aqueous mecfium before, dur- 
ing or after the addition of the fine particulate material. Where a batch reactor vessel is employed, we prefer to add the 
fine paniculate material to the reactor vessel before adding a suspension of slaked lime to the vessel. The vessel may 
contain a suspension of pulp ffoers when the fine particulate material is added. Water may be added after any of the 
individual addition stages. 

20 Where an alkaline earth metal carbonate is to be precipitated by addition of CO2 to an aqueous suspension con- 
taining a source of alkaline earth metal ions (and in at least part of the process also fine particulate material and f toers) 
the carbonation reaction may be carried out in a conventional vessel as is well known to those skilled in the art of pre- 
cipitated carbonate production. Where the aqueous medium comprises slaked lime, the slaked lime suspension may 
be prepared in the vessel in which the carbonation is to be carried out, or in a separate vessel prior to introduction to 

25 the carbonation vessel. 

The addition of a carbon dioxide-containing gas to an aqueous medium containing slaked lime (and, in at least part 
of the process, also fine particulate material and fibers) may be continued until the pH of the aqueous medium has 
fallen, eg. to a pH less than 9.0 preferably to a pH less than 7.5, eg. by monitoring the pH until it fells and then becomes 
stable. This indicates that all of the alkaline earth metal ions have been consumed, eg. by consumption of all calcium 
30 hydroxide present 

The reactor vessel in which the precipitation reaction is carried out to produce the composite material according to 
the second aspect of the present invention may take various forms depending on the process conditions required to be 
operated as described herein. Reactor vessels known in the prior art for the production of precipitated calcium carbon- 
ate from slaked lime and carbon dioxide gas may be employed. The reaction may be carried out as a batch, continuous 
35 or semi-continuous process as appropriate. 

In its simplest form, the reaction vessel may be a container in which the various ingredients to be present in an 
aqueous suspension during the reaction may be added and mixed together in the vessel and C0 2 gas may be bubbled 
into the mixture. 

The reaction may be carried out as a continuous or semi-continuous process in a cascade of reactor vessels. In 

40 such an arrangement an aqueous suspension containing lime, and where required fbre and fine particulate material 
such as T1O2, may be delivered to the various vessels in sequence and carbon dioxide may be applied to each vessel 
whereby the required reaction takes place progressively along the sequence. 

Another form of reactor which may be employed for a continuous or semi-continuous reaction is one in which the 
ingredients of the aqueous suspension and the final reactarrt, eg. carton dioxide, are mixed together via one or more 

45 static mixers of a known kind, eg. in a known in-line arrangement. Doses of individual ingredients, eg. fibers, lime, fine 
particulate material, or carbon dioxide, as appropriate may be delivered via two or more mixers to give a sequence of 
ingredient additions whereby the reaction required takes place progressively in stages. 

Preferably, during the reaction, or each stage of the reaction, especially where fine particulate material is present, 
mixing is applied. Gas such as CO2 which is applied may be pressurised. 

so The use of a pressurised refiner as conventionally used for high shear agitation of pulp fibers for use in paper mak- 
ing may be employed for the precipitation reaction or reaction stages in a manner similar to that described in 
US00RE35460E (Wungness et al). Thus, a refiner having a feed hopper which is gas tight may be employed. An aque- 
ous suspension of the solid ingredients may be delivered to the feed hopper together with carbon dioxide-containing 
gas under pressure. The suspension and gas may then be transferred together into a high shear mixing region which 

55 is conventionally employed to refine pulp f foers. The refiner may for example contain a conveying screw which transfers 
the ingredients to th high shear mixing region. The high shear mixing may be brought about by passing the aqueous 
suspension containing fibre, fine particulat material and reactants, eg. slaked lime and carbon dioxide, between the 
ret in r members, which may comprise a moving member, eg. rotating a disc driven by a motor and anoth r member, 
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eg. another disc or plate, which may be moving or stationary. Each disc or plate may be provided with a known refining 
surface. The refiner may for exampl be a Sprout-Bauer pressurised disc refiner. 

The aqueous medium in which the alkaline earth metal ions are contained and reacted with precipitate-forming rea- 
gent, eg. carbon d oxide, in the method according to the first aspect of the pres nt invention may (in addition to fine par- 

5 ticulate material and fibers in at least part of the process) also contain one or more chemicals of a kind known for use 
in precipitate production, eg. it may comprise a buffer solution to give the product so-called acid tolerance or a frothing 
agent to provide efficient reaction between C0 2 bubbles and lime. 

The aqueous medium in which the composite pigment material is to be produced in the method according to the 
first aspect may, (in addition to added fresh particles of a fine particulate material and added fbers in at least part of the 

w process) also contain other fine suspended solid material which may be in addition to any suspension of consumable 
particles employed to provide a source of alkaline earth metal ions. For example, there may be present other fresh or 
alternatively previously used pigment particles and/or fibers. For example, fines collected from a waste stream from a 
paper making process or a waste paper treatment or de-inking process as described in copending published patent 
applications EP604095 and EP737774 or derived from recycled paper, may also be present prior to any precipitation 

15 step involving the fine particulate material and, as noted hereinbefore, may be entrained by precipitation before the fine 
particulate material is present or, alternatively whilst the particulate material is present. Such fines may comprise used 
particles present in the waste stream such as organic particles such as ink, latex or polymer particles and/or inorganic 
particles such as mineral filler or coating particles as used in paper making or paper coating and/or fine fibers. Afterna- 
tiv ly, or in addition, a selection of particles from a minerals refining or separation process or residue from an incinera- 

20 ti n process, eg. incineration of paper de-inking waste, may be present as described in PCT/GB96/00884. Where such 
other solid materials are included in the treated aqueous medium they may be present in an amount of up to 50% by 
weight, eg. 1% to 10% by weight, based on the dry weight of composite material product to be formed. Where such 
other solids are present in the suspension to be treated, such solids become entrained, together with the freshly added 
fine paniculate material and the added fbers present, and bond to the precipitate crystals formed and thereby form a 

25 mufti-media mixed aggregate solid system. The aggregate product so formed is useful in the paper making and paper 
coating applications described below. 

Where a carbon dioxide-containing gas is employed to provide a carbonation reaction in the method according to 
the first aspect, the carbon dioxide-containing gas may be substantially pure carbon dioxide eg. as commercially sup- 
plied in a compressed gas cylinder or may be present in a mixture with other gases. The supplied carbon dioxide gas 

30 may be diluted with other inert gases, eg. air, nitrogen, etc. The carbon dioxide may be present as a mixture of spent 
gases such as flue gases, eg. obtained from a lime calcination plant in which quicklime is produced for conversion into 
slaked lime (for use in the process according to the first aspect). The gas may be applied under pressure, eg. in the 
manner described hereinbefore. 

The temperature of the aqueous medium when the precipitate-containing composite material is formed therein, eg. 

35 when a carbon dioxide-containing gas is added thereto, is preferably in the range of from 1 °C to 80°C, especially 20°C 
t 60°C, more preferably 30° C to 55°C. Such an aqueous medium may be derived from used water from a paper making 
plant which may have an appropriate elevated temperature when delivered for use in the method of the present inven- 
ti n. 

ft is known, eg. as described in US Serial No. 355038 (by two of the present co-applicants), that the reaction con- 

40 drtions employed to produce a precipitated calcium carbonate product can be selected to aim for a predominant precip- 
itate crystal form, eg. scalenohedral, aragonite or rhombohedral, which will give increased brightness from the crystals 
when used in paper. Such reaction conditions may be selected and applied in operation of the method according to the 
first aspect of the present invention. However, since the reaction medium in which the crystals will precipitate in the 
method of the invention is not a homogeneous one, the crystal form of calcium carbonate achieved in practice in pro- 

45 ducing the composite pigment material is unlikely to be near to 100% of a selected form, ft is quite usual for one crystal 
form even when predominant to be mixed with other forms. Such mixed forms will however generally give suitable prod- 
uct properties because the optical properties of the product will not result from the precipitate crystals alone. 

The addition of a carbon dioxide-containing gas to an aqueous lime-containing suspension (with or without fibre 
and fine particulate material, as appropriate) may be continued until the pH of the aqueous medium has fallen, eg. to a 

so pH less than 9.0 preferably to a pH of 7.5 or less, eg. by monitoring the pH until it becomes stable. This indicates that 
all of the alkaline earth metal ions have been consumed, eg. by consumption of all calcium hydroxide present 

The composite pigment material according to the second aspect of the present invention when produced is prefer- 
ably obtained in the form of an aqueous suspension which preferably has a viscosity of not more than 500 mPa.s (as 
measured by a BrookfieW Viscometer using a spindle speed of 100 rpm) and is preferably a pumpable and flowable 

55 slurry. 

The aqueous suspensi n comprising the composite pigment mat rial formed as a product in the method according 
to the first aspect of th present invention may be further processed for example by dewatering and/or by subjecting the 
composite-containing susp nsion to comminution, eg. rapid stirring, milling or grinding by one of several known proce- 
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dures. 

As described in EP768344A such a comminution step may be carried out by attrition grinding. In such grinding, the 
grinding medium employed in the comminution step may comprise one of the hard, inorganic materials well known in 
the grinding of particulat materials. For example, silica sand having a median particle diameter in the range from about 

s 0. 1 mm to 4 mm, eg. 0.2 mm to 2 mm, is a preferred grinding medium. The grinding medium could alternatively be alu- 
minium oxide, zirconium oxide, hard steel or a mixture of any of these materials. 

Comminution of the composite pigment material could alternatively be carried out using equipment available in the 
paper industry, eg. refiners or disintegrators or using a known milling method. 

When the product comprising the composite pigment material is subjected to a comminution step the pH of the 

10 aqueous suspension containing the product being treated may rise, as described in EP768344A, eg. to pH 1 1 or more, 
as free basic material, eg. unconverted lime (where lime is used as the source of alkaline earth metal ions), entrapped 
in the crystalline structure comprising the composite material is released by the comminution. Such a pH level may be 
undesirable in the applications in which the material may be employed, as described hereinafter, because it is poten- 
tially harmful to machinery and to operators who have to process the suspension. 

is An additional step to reduce the pH of the aqueous suspension containing the composite pigment material may be 
applied after a comminution step. The additional step may be applied until the pH falls to a suitable level, eg. pH 10 or 
below, eg. pH 9 or below, preferably pH 7.5 or below. The additional step may comprise further treatment by carbonation 
of the precipitate-containing suspension. Alternatively, or in addition, a material known for use in reducing the pH of a 
mineral suspension may be added. Such a material may, for example, comprise a mild mineral acid such as phosphoric 

20 acid. 

The aqueous suspension containing composite pigment material product formed in the method according to the 
first aspect of the present invention may be treated so as to separate partially or fully the aqueous host medium from 
the composite material solids using one or more separation processes which may be known processes. For example, 
processes such as filtration, sedimentation, centr'rfugation or evaporation may be used. Filtration using a filter press is 

25 usually preferred. The separated aqueous medium, eg. water, may, optionally with further purification or clarification by 
one or more chemical, biochemical or mechanical processes which may be known per se, may be recycled for reuse, 
eg. in a paper mill, eg. for use in diluting the paper making stock or for use as showers for washing machinery. The sep- 
arated solids may be assessed for quality control by measurements taken on samples and subsequently delivered to a 
storage tank and thereafter supplied as necessary for use in a user application, eg. as described hereinbefore The sol- 

30 ids-containing suspension may be re-diluted for use at the user plant 

ft is not necessary for an aqueous suspension containing a composite pigment material according to the second 
aspect of the present invention to be dewatered prior to supply for use in a user application, eg. for use in paper making 
in a paper mill. The aqueous suspension or slurry may be delivered to a storage tank or directly to the user plant without 
substantial dewatering. 

35 Where the composite pigment material is to be used as a filler in a paper making composition, the composite mate- 
rial may be supplied to the paper making mill in one of various concentrations in water. The concentration may range 
from dilute suspension form to dry particulate solids. The composite pigment material after preparation in the method 
according to the first aspect of the present invention may or may not be treated as appropriate, eg. by dewatering or not, 
so that it may be delivered to the user plant, eg. paper making mill, in the required concentration. 
40 The extent of dilution or concentration of the form in which the composite pigment material product is added to the 
user composition, eg. paper making furnish composition, does not critically affect the properties of the resulting product, 
eg. paper sheet ft may, however, for economic and practical reasons be more suitable to supply the composite pigment 
material product in the form of a concentrated pumpable aqueous slurry. Where this product is supplied for use in a 
process at another location it may be preferable or desirable to dry the product prior to transport. Where the product is 
45 supplied to a nearby plant it is likely to be delivered in slurry form. Where this product has been concentrated or dried 
prior to delivery and subsequently re-dispersed in or diluted with clean water prior to re-use, the concentration and dilu- 
tion steps do not materially affect the usefulness of the product. 

In any event, where the composite pigment material product is to be used as a pigment filler material in paper mak- 
ing, this product may, as will be clearly evident to those familiar with the paper making art, be used in a well known man- 
so ner. ft may be blended in various proportions with conventional faier materials, eg. precipitated or natural, eg. ground, 
calcium carbonate, kaolin or other clay, metakaofin, talc, calcium sulphate etc., the ingredients and composition as well 
as the host cellulosic fibers being selected according to the quality of paper required to be produced. In general, these 
materials are likely to be in slurry form when they are mixed. The host cellulosic ftoers may be of the same kind as used 
in step (a) of the method according to the invention (although the extent of beating does not need to be as for the fibers 
55 in step (a)). As noted hereinbefore, part or all of the fbers may be large fibers from which a fines fraction has previously 
been separated for use in producing th composite pigment material. 

The paper maker will normally select the concentrati n of the composit pigment material (produced in accordance 
with th present invention) used in aqueous susp nsion form and th delivery rat of the suspension at the point of 
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additi n to the paper making composition, eg. furnish. As noted above, this may requir re-dilution of a suspension 
which has been delivered to th paper mill in concentrated form. Gen rally, the composite pigment material may form 
up to about 40%, usually up to about 30%, by weight of the solids content of the paper making composition on a dry 
weight basis. Where other fillers also form part of th filler content of the paper making composition a total f flier compo- 

5 sition of up to 40% by weight of the solids content f the paper composition may be employed. The composite pigment 
material according to the second aspect may form from 1% to 100% by weight of the added filler on a dry weight basis. 
Production of a paper sheet using the paper making furnish is, of course, carried out in a well known manner. 

Where the composite pigment material according to the second aspect of the present invention is to be employed 
as a pigment material in a paper coating composition, the composition will generally comprise an aqueous suspension 

10 of pigment, including the composite pigment material according to the second aspect and optionally other known ingre- 
dients, mixed together with a hydrophilic adhesive and optionally other known ingredients. The composite pigment 
material employed in the composition may be mixed with one or more conventional pigments, eg. as described above. 
The adhesive may form from 4% to 30%, especially 4% to 1 5%, by weight based on the total dry weight of pigment or 
pigments present. The adhesive may be one of the known paper coating adhesives employed in the art, eg. chosen 

75 from the group consisting of starches, proteinaceous adhesives such as casein and latices of, for example, styrene 
butadiene rubbers and acrylic polymers. 

The paper coating composition may also include one or more of the various well known optional additives conven- 
tionally used in paper coating compositions, eg. a thickener, eg. in an amount of up to 2% by weight based upon the 
total dry weight of pigment or pigments present, up to 1% by weight of a soluble binder, a lubricant, eg. sodium stearate 

20 forming 0.5% of the weight of pigment present and/or soluble binder and/or an insolubiliser forming up to 1% by weight 
of binder present. 

The paper coating composition may be formed by mixing together an aqueous dispersed suspension of the com- 
posite pigment material optionally with one or more further aqueous dispersed suspensions containing other pigments, 
with the adhesive and any other optional constituents, eg. thickener and/or lubricant and/or soluble binder and/or insol- 
25 ubiliser, in a manner familiar to those skilled in the art Use of the coating composition formed to coat a paper or other 
sheet material is of course carried out in a well known manner, eg. using one of the many coating machines employed 
in the prior art. 

Precipitation of calcium carbonate in a fines-containing aqueous waste suspension, eg. obtained from a paper 
making waste stream, is described in EP658606B (equivalent to US Serial No. 355038 by two of the present co-appli- 

30 cants). The aqueous suspension in the process described therein may contain waste fines which include fine fibers and 
fine inorganic materials which may incidentally include a very small concentration of TIO2 particles or other fine partic- 
ulate materials. However, generally, since these fines are used materials, they may have been produced from a variety 
of waste streams and therefore may be of variable composition and concentration, and they are not suitable to provide 
(on their own) sources of the fine particulate material and fibers of the quality required of the fresh particles and fibers 

35 as used in the present invention. Fine particulate material such as TIO2 derived from such waste streams will generally 
be agglomerated and coagulated because of the presence of a variety of polymeric chemical additives in the waste 
stream and will not therefore show the benefits obtained by forming the novel composite pigment material (according 
to the second aspect of the present invention) from fresh particles of fine particulate material and fibers (at least a pro- 
portion of which are desirably from virgin pulp) as well as bonded precipitated white pigment compound such as CaC0 3 

40 as descrfced hereinbefore. However, as noted above, it is possible that the aqueous medium employed in the method 
according to the first aspect of the present invention may optionally contain such fines which will then constitute part of 
the composite pigment material produced. 

Embodiments of the present invention will now be described by way of example only with reference to the following 
illustrative Examples and with reference to the accompanying drawings, wherein: 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a graph of ISO brightness plotted against filler additive concentration (measured as ash at 500°C) for 
various filler additives in paper handsheets. 
50 Figure 2 is a graph of TAPPI opacity plotted against filler adcfitive concentration (measured as ash at 500°C) for var- 
ious filler additives (as for Figure 1) in paper handsheets. 

Figure 3 is a graph of scattering coefficient plotted against filler additive concentration (measured as ash at 500°C) 
for various filler additives (as for Figures 1 and 2) in paper handsheets. 

Figure 4 is a graph of scattering coefficient plotted against additive concentration (measured as ash at 500°C) for 
55 two different aggregate materials embodying the invention. 

Figures 5a, 5b and 5c ar comparative graphs of filler one pass retention versus filler loading for prior art pigments 
(5a and 5b) and pigment material embodying the invention (5c) in paper sheets. 

Figures 6a, 6b and 6c are comparative graphs of sheet formation versus filler loading for the paper sheets incorpo- 
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rating pigments whose retention properties are shown in Figures 5a t 5c. 

Figures 7a. 7b and 7c are comparative graphs of sheet burst index versus filler loading for the paper sheets incor- 
porating pigments whose retention properties are shown in Figures 5a to 5c. 

5 ILLUSTRATIVE EMBODIMENTS OF THE INVENTION 

EXAMPLE 1 

Section 1a. Preparation of f flier 

10 

A pulp (beaten ffore from Canada) slurry was made at a solids concentration of 1.65 weight per cent. To a 10000 
ml reactor vessel fitted with a stirrer, we added 8333 ml of the pulp slurry. Then, 15 grams of anatase titanium dioxide 
(Tiona TiOfc. RGM SCM Chemicals) was added to the reactor. Trie reactor stirrer was turned on for 2 minutes operating 
at 700 rpm. After dispersing the titanium dioxide by stirring, we added to the reactor vessel 637 ml of a slurry of slaked 

is lime containing a solids content of 1 4.7% by weight and also 1 005 ml water. The temperature of the reactor vessel was 
raised to 45°C and the stirring was continued again at a rate of 700 rpm. Carbonation was begun at this temperature 
and stirring rate by passing carbon dioxide gas through the suspension in the reactor at a rate of 2.05 l.min" 1 C0 2 - Car- 
bonation was continued until the pH, which was periodically checked with a phenolphthalein indicator, was found to give 
no indicator colour change. After the pH was detected in this way to have become stable, we continued to carbonate for 

20 a further 5 minutes. We examined the composite pigment material produced as a solid product by this reaction by scan- 
ning electron microscopy and X-ray microanalysis. The micrographs obtained show TIO2 particles to be dispersed and 
bonded within a composite bonded fibre/calcium carbonate matrix. 

Section 1 b. Preparation of paper sheets 

25 

A cellulose ffcre pulp slurry having a solids content of 0.3 weight per cent was used as stock furnish. The pH of this 
stock was kept at 7.0. (No adjustment of pH was made after subsequent adding of filler). The fibre stock used to pro- 
duce the pulp was as used in Section 1a to produce the composite pigment material. An aqueous slurry of anatase tita- 
nium cficoride (Tiona "HQ? RGM, SCM Chemicals) containing 10% by weight solids was made. An aqueous slurry 

30 containing 2.75% by dry weight of the new composite pigment material produced as a product in Section 1 a was also 
prepared. A 1% solution of a cationic emulsion copolymer (Hydraid 954 produced by Calgon Corporation) was also 
made for use as a filler retention aid in the making of paper sheets. Paper handsheets were made using the pulp slurry 
with the slurry of Ti0 2 (as comparative sheets) and the slurry of composite pigment material produced as a product in 
Section 1 a alternatively incorporated as paper filler slurry together with the filler retention aid. In each case the mineral 

35 content of the added filler in the paper composition was sufficient to give an ash content of 8.1% by weight at 500°C. 

Handsheets A1, made using as additive the composite pigment material produced as in Section 1a, and hand- 
sheets A2, made using as additive the TIO2. were made using a British standard handsheet former in accordance with 
TAPPI standard T205 cm-88. The handsheets were each pressed twice in order to squeeze out as much water as pos- 
sible, and dried in a drum drier. The grammage was kept around 80 gsm and the paper sheet formation was kept around 

40 100 as measured by an OpTest instrument which is an instrument made by OpTest Instrument Inc. 

Section 1c. Handsheet measurements and results 

The optical and physical properties of the handsheets were measured in a paper testing laboratory utilising stand- 
45 ard TAPPI testing procedures. 

The brightness obtained for handsheets A1 made with the new composite pigment material produced as in Section 
1a (value 84.75 150 units) surpassed that obtained with the handsheets A2 made with titanium dioxide (value 83.6 ISO 
units). 

Opacity of handsheets A1 (value of 89.52) was found to be greater than that of comparative handsheets A2 (value 
so 88.6). 

Burst index of handsheets A1 (value 35.5) was found to be greater than that of comparative handsheets A2 (value 
28.1). 

Gurley porosity of handsheets A1 (value 82.2) was found to be greater than that of comparative handsheets A2 
(value 13.4). 

55 The pigment scatter of the handsheets A1 incorporating the composite pigment material produced as in Section 1 a 
was higher than th scatter of the titanium dioxide in th comparative handsheets A2. The calculated theoretical scatter 
&TO2 for th titanium dioxide contained as an embedded constituent in the new composite pigment mat rial may be 
determined approximately by using th following equation: 
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S Tt02 = ( s " O-SScacoaV 0 - 1 Equation (1) 

where S is the measured scattering coefficient for the composrt pigment, and S^cro is the theoretical scattering coef- 
ficient for precipitated calcium carbonate. Assuming the scattering coefficient of the calcium carbonate, Sc a co3> to 
s around 2300 crrr^.g" 1 (rrr^.kg" 1 ), (a typical value giv n in the published literature) we can calculate that scattering contrib- 
uted by the titanium dioxide is about 1 3,1 20 crrr^.g 1 (as measured for TIO2 well distrfouted as a paper filler at less than 
1% filler levels). This is approaching the maximum scattering for titanium dioxide in a very finely and unagglomerated 
state in a typical furnish comprising largely beaten woodfree f foers. Therefore, the new composite pigment material 
improved the optical and physical properties of its constituent titanium dioxide. 

10 

EXAMPLE 2 

Section 2a. Preparation of filler 

15 Pulp in a pulp slurry was beaten to have a CSF (Canadian Standard Freeness) value of about 300. The resulting 
fibers consisted of about 20% by weight fines and 80% by weight longer fibers. The slurry was diluted to a solids con- 
centration of 5 weight per cent. To the reactor vessel as employed in Section 1a of Example 1 we added 8000 ml of the 
resulting pulp slurry. 40 g of Ti0 2 (Dupont, rutile) and 76 ml of water were added. The resulting suspension was stirred 
for 2 minutes at a stirring speed of 700 rpm. 1852 ml of the same lime slurry as used in Section 1a was added. The 

20 temperature of the reactor vessel contents was raised to 45°C whilst stirring of the contents was continued at 700 rpm. 
A composite pigment material was formed by precipitating calcium carbonate crystals in the stirred suspension in the 
reactor vessel in the same manner as in Section 1a of Example 1 (except that in this case the delivery rate of carbon 
dioxide was 6 litres per minute). 

Micrographs of samples of the composite pigment material produced, showed, as in Example 1 , that T1O2 particles 

25 were dispersed and embedded within a bonded matrix of fibers and calcium carbonate crystals constituting a new com- 
posite pigment material. 

Section 2b. Preparation of handsheets 

30 Three types of handsheet were made in the same manner as in Section 1 b of Example 1 . In this case, various con- 
centrations of additive to provide filler in the paper furnish composition were added and measured as percentage by 
weight ash at 500°C. Three types of additive separately employed to form the compositions to make the handsheets 
w re (i) composite pigment material as produced in Section 2a to form handsheets "B1"; (ii) RutHe Ti0 2 (of the kind 
used in Section 2a) to form a comparative handsheets "B2"; and (iii) scaJenohedral precipitated calcium carbonate to 

35 form comparative handsheets "B3". 

Section 2c. Measurements and results 

The ISO brightness and opacity of the handsheets prepared as in Section 2b were measured using standard TAPPI 
ao procedures. From these results the scattering coefficients were plotted against additive mineral concentration (meas- 
ur d as ash at 500°C). The results are shown in Figure 1 (ISO brightness), Figure 2 (opacity) and Figure 3 (scattering 
coefficient). Curves labelled B1, B2 and B3 in each of Figures 1 to 3 respectively represent the results for handsheets 
B1.B2andB3. 

By use of Equation 1 above, we have calculated the apparent T1O2 contribution to scattering coefficient in the new 
45 composite pigment material (in Handsheets B1) to be about 1 0,435 crn^g" 1 . 

Next, we measured the single pass retention of each additive in the making of handsheets B1 and B2. According 
to TAPPI procedures, the retention in each case may be obtained by incinerating at 500°C a handsheet sample (HS) 
and also a sample of furnish composition (FC) representing material employed to make the handsheet sample and 
measuring the percentage of ash derived from mineral contained in HS divided by the percentage of ash derived from 
50 mineral in FC (x100 to give a percentage). The results for handsheets B1 and B2 are shown in Table 1 as follows. 



Table 1 



Retention at 10% additive or f flier level 


Additive 


Handsheet 


Retenti n(%) 


Composite pigment material (Section 2a product) 


B1 


80 
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Table 1 (continued) 



Retention at 10% additive r filler lev I 


Additive 


Handsheet 


Retention (%) 


Titanium dioxide (Rutile) 


B2 


33 



As can be seen from Table 1, the single pass retention of Ti0 2 in a paper sheet production can be considerably 
improved by incorporating the Ti0 2 in a composite material embodying the present invention. 

10 Finally, in order to check that the product of Section 2a is composed of TlOg and calcium carbonate as expected 
(as mineral or inorganic content - present together with organic fibers) we incinerated several handsheets B1 at 900°C 
to leave ash. CaCO* present is converted to CaO by this further incineration and the weight loss indicates the amount 
of CaC0 3 present We also carried out the same procedure with handsheets formed from the fibers with no mineral 
additive included to investigate the mineral content of the unfilled fbers. Using X-ray fluorescence analysis we showed 

is that the added composite pigment material which is the product of Section 2a used in making handsheets B1 contained 
as mineral constituents 9% by weight TIO2 and 91% by weight CaCQ3 which, within experimental error, is as expected. 

EXAMPLE 3 

20 A composite pigment material M1 embodying the invention was produced in a manner similar to that described in 
Section 1a except that the rate of delivery of carbon dioxide was twice that used in Example 1 . Another composite pig- 
ment material M2 embodying the invention was also produced in the same manner as M1 except that the pulp (treated 
as in Section 2a to give 20% fines) employed to produce M1 was, for M2, beaten further until a fines content of 53% by 
weight was obtained. Handsheets were made using M1 and M2 and the optical properties (brightness and opacity) 

25 were measured as in Section 2a. 

The scattering coefficient versus additive concentration (measured as % by weight ash at 500°C) was calculated 
and plotted for the handsheets made from M1 and M2 respectively. The curves obtained are shown in Figure 4 wherein 
the symbols M1 and M2 designate respectively the curves for the handsheets made from composite pigment materials 
M1 andM2. 

30 As seen in Figure 4, the scattering coefficient obtained is greater using a greater proportion of fbers which are fines 
in the composite pigment material (M2). 

EXAMPLE 4 

35 A composite pigment material was produced from hardwood pulp fibers, T1O2 and precipitated calcium carbonate 
generally in the manner described in Example 1 using the following process conditions: 

(a) carbonation reaction temperature 45° C 

(b) mixer speed before and during carbonation reaction 700 rpm 
40 (c) target product suspension volume 10 litres 

(d) target product suspension solids concentration (dry weight) 8.0% 

(e) feed solids concentration (dry weight) 5.0% 

(f) fbers used beaten to 300 CSF 

(g) TIQ2 weight 40 grams 

45 (h) lime slurry volume 1 852 ml 

(i) target product calcium carbonate content 50% by weight 
(j) CO2 delivery rate 6.0 Imin" 1 

Micrographs of the new composite pigment material embodying the invention produced were obtained. These 
so showed the formation of a satisfactory coarse precipitate on the f bre surfaces, the TO 2 particles being dispersed within 
the fibre/CaC0 3 matrix. 

Paper handsheets were made and examined as in Section 1 b and 1 c of Example 1 . The results in Table 2 as fol- 
lows were obtained for the composite pigment scattering in the sheets as a function of composite pigment material load- 
ing of the sheets. 
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Table 2 



Scatt ring coefficient 
(cmV) 


Mineral ash content 
(5GX)°C)(% by weight) 


3,000 


6 


2,920 


11 



EXAMPLE 5 

A composite pigment material was prepared and investigated as in Example 4, except that in this case the reaction 
temperature was at the lower value of 27°C. 
is The micrographs obtained showed that the precipitate formed in the composite pigment material product appeared 
finer and less satisfactory than that obtained in Example 4. The scattering coefficient of the composite pigment in hand- 
sheets was as in Table 3 as follows. 



Table 3 



Scattering coefficient 
(crrrV 1 ) 


Mineral ash content 
(500°C) (% by weight) 


2,040 


6.8 


2,020 


11.5 



Generally, the scattering coefficient values obtained as shown in Table 3 are inferior to those obtained for the prod- 
uct obtained using a higher reaction temperature as set out in Table 2 (Example 4). 

30 

EXAMPLE 6 

The procedures described in Example 4 were repeated except that in this case the Ti0 2 was not dispersed in the 
pulp slurry by mixing prior to adding the lime. The product obtained showed signs of flocculation of the T1O2 particles 
35 and the scattering values obtained for paper sheets were inferior to those obtained in Example 4. 

EXAMPLE 7 

The procedures described in Example 4 were repeated except that in this case the feed solids concentration was 
40 reduced to 2.5% by dry weight. The carbon dioxide application rate was also reduced to compensate for the reduced 
quantity of lime present. The results obtained were similar to those obtained as in Example 4. 

EXAMPLE 8 

45 A composite pigment material was produced from hardwood pulp ftoers, Tt0 2 and precipitated calcium carbonate 
g nerally in the manner described in Example 1 using the following process conditions: 

(a) target f berrcalcium carbonate ratio by weight in product 75:25 

(b) carbonation reaction temperature 45° C 
50 (c) mixer speed during reaction 700 rpm 

(d) target product suspension volume 1 litre 

(e) target product solids concentration (dry weight) 3.2% 

(f) fibers used beaten to 300 CSF 

(g) lime slurry volume 370 ml 
55 (h) T1O2 weight 8 grams 

(i) feed solids concentrati n (dry weight) 2.5% 

Paper sheets wer prepared and investigated as in Sections 1b and 1c. Th scattering coefficient of the composite 
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pigment material in the sheets measured as a function of pigment loading was as shown in Table 4 as follows. 



Table 4 



Scattering coefficient 
(cn^.g-l) 


Mineral ash content 
(500°C)(% by weight) 


2,400 


3.5 


2,350 


7.0 


2,350 


9.0 



EXAMPLE 9 

75 The procedure of Example 8 was repeated except that in this case the target fiber :calcium carbonate ratio of the 
product was 25:75 and the Ti0 2 weight was 30 grams (to achieve the same Ti0 2 to CaC0 3 ratio as in Example 8). The 
lime slurry volume was 1 ,389 ml. Paper sheets were prepared and investigated as in Sections 1 b and 1 c and the scat- 
tering coefficient of the pigment material in the sheets was found to be as in Table 5 as follows. 

20 

Table 5 



Scattering coefficient 
(crnZgl) 


Mineral ash content 
(500°C)(% by weight) 


3,350 


4.5 


3,280 


7.6 


3,240 


10.5 


3,010 


22.5 



The results shewn in Table 5 using a high 0aCO 3 content in the composite pigment material are superior to those 
shewn in Table 4 obtained using a low CaC0 3 content 

35 EXAMPLES 10 TO 22 

In Examples 10 to 22 the following general procedure was used to prepare composite pigment material samples 
embodying the invention. 

A weighed amount of pulp fibre refined to 50 CSF was placed into a 1 0 1 reactor and was diluted with approximately 
40 8 1 of water to give a fibre consistency (dry solids concentration) of 0.5% by weight The pulp suspension was stirred 
continuously at a mixing energy of about 5 kWm" 3 and the required weight of T1O2 was added as a slurry; mixing to dis- 
perse the T1O2 in the fibre suspension was continued. Slaked lime slurry was then metered into the reactor to give, after 
carbortation, the required calcium carbonate:Ti02 ratio. The temperature of the reactor was raised to that required for 
the carbonation reaction and was then stabilised. Carbon dioxide gas was then applied at a flow rate calculated to con- 
45 vert all the slaked lime into calcium carbonate in 15 minutes. The temperature of the precipitation reaction was thermo- 
statically controlled and the pH was monitored. Table 6 as follows summarises further selected conditions used in these 
Examples. 



Table 6 



Example No. 


Fibre solids concen- 
tration (wt%) 


Ti0 2 solids concentra- 
tion (wt%) 


Target product compo- 
sition f ibre/TKVCaCQs 


Reaction temperature 
(°C) 


11 


0.5 


0.05 


50/5/45 


20 


12 


0.5 


0.05 


50/5/45 


35 


13 


0.5 


0.05 


50/5/45 


50 
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Table 6 (continued) 



F*amnle N 


Fibre solids concert- 
tration (wt%) 


T1O2 solids concentra- 
tion (wt%) 


Target product compo- 
sition f ibre/TlOa/CaCOa 


Reaction t mperature 
(°C) 


14 


0.5 


0.05 


50/5/45 


35 


15 






10/50/40 


35 


16 


0.1 


0.5 


10/50/40 


35 


17 






10/50/40 


35 


18 






10/55/35 


35 


19 


0.25 


0.825 


50/16.5/33.5 


35 


20 


0.25 


0.05 


50/10/40 


35 


21 


0.25 


0.025 


50/5/45 


35 


22 


0.2 


0.025 


45/5/50 


35 


23 


0.3 


0.025 


55/5/40 


35 



20 The product compositions of composite pigment material obtained were verified by (a) EDTA titration for calcium 
carbonate; and (b) ashing at 500°C to 600°C and then at >900°C whereby (a) the mineral content and then (b) the 
CaCQ3 content (converted into CaO) could be determined. The composite pigment products obtained in each of Exam- 
ples 10 to 22 were employed and investigated in paper sheets as in Sections 1a and 1b in Example 1 . Comparative 
sheets were also made in a similar manner using as pigment respectively Ti0 2 (as used in the production of the corrv- 

25 posrte pigment material) and precipitated calcium carbonate (pec). Various amounts of the commercially available 
retention aid chemicaJ TRP954 (Calgon Corporation) were used. TRP954 is a general purpose catbnic copolymer 
retention aid. This was applied either in a low dose (0.005 wt%) or in a high dose (0.05 wt%). 

The results are shown graphically in Figures 5, 6 and 7. The individual points on each curve in Figures 5, 6 and 7 
represent individual samples at given filler loadings in each sheet In Figure 5(c) (and Figures 6c and 7c) the individual 

30 samples represented on the curves are products from Examples 10 to 22 applied at various filler loadings. 
The one-pass retention of the three pigments viz: 

(a) TIO2 only (prior art); 

(b) pec only (prior art); and 

35 (c) composite TlC^Aibre/pcc pigment (invention embodiment); 

in similarly made TAPPI standard paper sheets was measured in the manner described in Section 2c and the results 
ar displayed in Figures 5a to 5c (results for Tr0 2 . pec and composite pigment respectively). Curves A and B in Figures 
5a and 5b represent respectively use of a low and high dose of TRP954 with the pigment The dose of TRP954 used 

40 with the new composite pigment material (Figure 5c) was low only (0.005% by weight). 

As seen in Figure 5a to 5c, the retention of the new composite pigment material (Figure 5c) is superior to that 
obtained using the same low dose of TRP954 (0.005%) with respectively T1O2 (curve A, Figure 5a) and pec (curve A, 
Figure 5b). The retention tor Ti0 2 and pec may be raised by increasing the content of TRP954 retention aid as illus- 
trated by curve B in Figures 5a and 5b. However, this has deleterious effects on sheet formation as illustrated in Figures 

45 6a and 6b, and burst strength as illustrated in Figures 7a and 7b. Thus, increasing the retention aid dose causes the 
formation and burst index to fall to unacceptatxy low levels as seen by curve B in Figures 6a, 6b, 7a and 7b (compared 
with curve A in each case for low TRP954 dose). In contrast, as illustrated in Figures 6c and 7c. the formation and burst 
index obtained with the new composite pigment material (using a low dose of TRP954) remains high compared to the 
levels for TiOg and pec in curves B in Figures 6a, 6b. 7a and 7b. This demonstrates surprisingly that a beneficial com- 

50 bination of good retention, formation and burst strength is obtained with the composite pigments embodying the inven- 
tion in the production of paper sheets. 

The optical properties of paper sheets prepared using the products of Examples 10 to 22 were determined (in the 
manner described in Section 1c). including the scattering coefficient of the new composite pigment and also the effec- 
tive scatter of the TIO2 component of the composite pigment at different filler loadings in the sheet. Various illustrative 

55 results are given in Table 7 as follows. For comparative purposes, sheets were similarly made with commercially avail- 
able Ti0 2 samples in both the rutile and anatase form and are also shown in Table 7. 
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Table 7 



Example No. 


Scattering coefficient (erring" 1 ) of 
composite pigment in sheet at load- 
ing given below 


Scatt ring coefficient (cmP.g -1 ) of 
Ti0 2 component present at loading 
given below 




0.5 wt% 


1.0 wt% 


1.5 wt% 


0.5 wt% 


1.0 wt% 


1.5 wt% 


10 


1903 


1785 


1679 


13750 


11410 


9297 


12 


1909 


1832 


1883 


12723 


11383 


12270 


15 


4112 


4192 


4051 


6195 


6355 


6075 


18 


2367 


2305 


2225 


8222 


7882 


7435 


Rirtile Ti0 2 (comparative) 








8900 


8600 


8500 


Anatase TIO2 (comparative) 








5900 


5600 


5500 



As shown in Table 7 the contrfoution to scattering coefficient of TiOg present can be improved in a paper sheet by 
20 incorporating the "n0 2 in a composite pigment material embodying the present invention. In Examples 1 5 and 1 8 where 
the Tt02 content is relatively high (especially Example 15) the T1O2 scattering contribution is lower than for Examples 
10 and 12. However, the TIO2 scattering contribution in both Examples 15 and 18 is better than that shown by anatase 
as pigment on its own and, in any case, even where the scattering falls below that for rutile, Example 1 5 and to a slight 
extent Example 18, the combination of retention, formation and burst strength is superior than for rutile T1O2 as dem- 
25 onstrated earlier in relation to Figures 5 to 7. 

EXAMPLE 23 

A composite pigment material wherein calcined clay is employed as the fine particulate material may be produced 
30 in the manner described in Section 1a by substituting calcined clay for TiO z . A composite pigment product containing 
dispersed calcined day having improved retention in paper sheet production is obtained. 

EXAMPLE 24 

35 A composite pigment material wherein fine silica is employed as the fine particulate material may be produced in 
the manner described in Section 1a by substituting fine silica for T1O2- A composite pigment product containing dis- 
persed fine silica having improved retention in paper sheet production is obtained. 

EXAMPLE 25 

40 

A composite pigment material wherein fine sodium aluminium silicate is employed as the fine particulate material 
may be produced in the manner described in Section 1a by substituting fine sodium aluminium silicate for T1O2. A com- 
posite pigment product containing dispersed sodium aluminium silicate having improved retention in paper sheet pro- 
duction is obtained. 

45 

Claims 

1. A method of preparing and using a composite pigment material which incorporates a fine particulate material, 
which method comprises the steps of: (a) treating an aqueous medium containing dispersed particles of a fine par- 
se ticidate material and also fbers by chemically precipitating by a precipitation reaction in the aqueous medium crys- 
tals of an insoluble white pigment compound thereby producing a composite material comprising a composite 
matrix of fibers and precipitated crystals of the white pigment compound and particles of the fine particulate mate- 
rial dispersed and bonded within the matrix; and (b) adding the composite pigment material to a composition for 
making or coating a fibrous sheet material. 

55 

2. A method as claimed in claim 1 and wh rein the fine particulat material and fibers are obtained from separate 
stocks and ar added together prior to step (a). 



17 



EP 0 892 019 A1 



3. A method as claimed in claim 1 or claim 2 and wherein at least part of the fine particulate mat rial is fresh material 
which has not previously been used in an industrial operation. 

4. A method as claimed in claim 1 , claim 2 or claim 3 and which includes the step (c) of making or coating a f brous 
5 sheet material using the composition produced in step (b). 

5. A method as claimed in any one of the preceding claims and wherein the fine particulate material is selected from 
T1O2, calcined kaolin-containing material, silica, sodium silicate, aluminium silicate, sodium aluminium silicate, talc 
and plastic pigment material. 

70 

6. A method as claimed in any one of the preceding claims and wherein the white pigment compound comprises cal- 
cium carbonate. 

7. A method as claimed in any one of the preceding claims and wherein the fibers in step (a) comprise fresh fibers 
15 derived from virgin pulp and/or fbers derived from broke or recycled paper. 

8. A method as claimed in claim 7 and wherein the fibers in step (a) comprise fbers which have been beaten to give 
substantial fibrillation, the fibers having a freeness of 300 CSF or less. 

20 9. A method as claimed in claim 8 and wherein the fbers in step (a) comprise fibers which have been subjected to a 
size classification treatment to separate a fine fraction lor use in step (a) of the method. 

1 0. A method as claimed in any one of the preceding claims and wherein at least one per cent by weight of the fibers 
in step (a) are fines which, as defined in TAPPI Standard T261 cm-90, will pass through a round hole of diameter 

25 76 jim. 

11 . A method as claimed in any one of the preceding claims and wherein the precipitation reaction is carried out in a 
batch reactor and the solids contained in the aqueous suspension in which the precipitation reaction is carried out, 
other than solids to be consumed as reagent to form the white pigment compound by the precipitation reaction, 

30 constitute from 0.1% to 20% by weight of the suspension. 

12. A method as claimed in any one of claims 1 to 1 1 and wherein the method is carried out as a continuous or semi- 
continuous process and the solids content of the aqueous suspension in step (a), other than consumable solids, is 
in the range 20% to 50% by weight. 

35 

1 3. A method as claimed in any one of the preceding claims and wherein the aqueous suspension is mechanically agi- 
tated before and during the precipitation reaction. 

14. A method as claimed in any one of the preceding claims and wherein at least one preliminary precipitation reaction 
40 is carried out in the aqueous medium from which the aqueous suspension employed in step (a) is produced, prior 

to the fine particulate material being present therein. 

15. A method as claimed in claim 14 and wherein the fine particulate material is added to the aqueous suspension in 
multiple doses, a precipitate reaction stage following each such addition. 

45 

1 6. Composite material for use as a pigment material in paper making or paper coating which composite material com- 
prises a composite matrix of fbers and precipitated crystals of an insoluble white pigment compound and particles 
of a fine particulate material, other than the precipitated crystals, dispersed and bonded within the matrix, the com- 
posite material being a product of treating an aqueous suspension of dispersed particles of a fine particulate mate- 
so rial and also fibers by chemically precipitating the white pigment compound in the suspension. 

17. A composite material as claimed in claim 16 and wherein the fibers comprise at least a portion of which are fresh 
cellulosic fbers obtained from pulp, the fibers constituting at least 1 0 per cent by weight of the composite material 
on a dry weight basis and wherein the fine particulate material comprises Ti0 2 . 

55 
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